The propagation of plasmoids (neutralized ion beams) in a vacuum transverse magnetic field has been studied in the UCI laboratory for several years. These experiments have confirmed that the plasmoid propagates by the txg drift in a low ß and high p plasmoid beam (0.01 < ß < 300), where p is the ratio of beam kinetic energy to magnetic field energy. The polarization electric field, E, arises from the opposite deflection of the plasmoid ions and electrons, due to the. Lorentz force, and allows the plasmoid to propagate undeflected at essentially the initial plasmoid velocity.. In these experiments we used plasmoids (150 keV, 5 kA, 50 -100 A /cm2, 1 µs) injected into tfansverse fields of Bt = 0 -400G. Anomalously fast penetration of the transverse magnetic field has been observed as in the "Porcupine" experiments.
INTRODUCTION
Th first paper on plasmoid motion across a transverse magnetic field was published in 1931. The subject is fundamental to plasma physics and has applications to geomagnetic storms and solar wind penetration into the geomagnetic fie l , injection of a plasmoid into a magnetic containment device and the dynamics of pinches.
The present work is concerned with the propagation of a neutralized ion beam (plasmoid) in and above the ionosphere in a background magnetic field and a low density partially ionized plasma. The neutralized ion beam may be generated directly as in our experiments, or it may begin as a beam of neutral atoms that is ionized by background gas and plasma at low altitude.
We define ß = 4nnMV2 /B2 as the ratio of the beam kinetic energy density to the magnetic field energy density. V is the beam velocity, M is the ion mass, n is the beam ion density and B is the background magnetic field.
Only the case ß » 1 is considered. Three phases of propagation are illustrated in Fig. 1 The propagation of plasmoids (neutralized ion beams) in a vacuum transverse magnetic field has been studied in the UCI laboratory for several years. These experiments have confirmed that the plasmoid propagates by the ^x § drift in a low p and high p plasmoid beam (0.01 < p < 300) , where p is the ratio of beam kinetic energy to magnetic field energy. The polarization electric field, £, arises from the opposite deflection of the plasmoid ions and electrons, due to the Lorentz force, and allows the plasmoid to propagate undeflected
In. these experiments we used plasmoids (150 transverse fields of B t = 0-400G. Anomalously fast penetration of the transverse magnetic field has been observed as in the "Porcupine" experiments.
at essentially the initial plasmoid velocity. keV, 5 kA, 50-100 A/cm , 1 p,s) injected into Our most recent experiments are aimed at studying the plasmoid propagation dynamics and losses in the presence of a background, magnetized plasma which is intended to short the induced polarization electric field and stop the beam. Background plasma was generated by TiH A plasma guns fired along B t to produce a plasma density, n = 10 -10 cm". Preliminary results indicate that the beam propagation losses increase with the background plasma density; compared to vacuum propagation, roughly a 50%.,reduct ion in ion current density was noted 70 cm downstream from the anode for n ~ 10 cm. Principal diagnostics include: magnetically insulated Faraday cups, f loating^potential probes, calorimeters, microwave interferometer, and thermal-witness paper. Experiments in the near future will use an improved accelerator and transverse-field coil system which allows higher energy, 500 keV, higher current density plasmoids to be studied; this generator will improve the beam uniformity and angular divergence to allow beam propagation for up to 5 meters and permit the study of losses from surface erosion. INTRODUCTION The first paper on plasmoid motion across a transverse magnetic field was published in 1931.
The subject is fundamental to plasma physics and has applications to geomagnetic storms and solar wind penetration into the geomagnetic field, injection of a plasmoid into a magnetic containment device 3 and the dynamics of pinches.
We define p = 4-rcnMV /B as the ratio of the beam kinetic energy density to the magnetic field energy density. V is the beam velocity, M is the ion mass, n is the beam ion density and B is the background magnetic field. Only the case p » 1 is considered. Three phases of propagation are illustrated in Fig. 1 After the magnetic field has penetrated the beam propagation woglg be expected by means of self -polarization and ExB -drift as observed for low ß-beams.
A series of rocket experiments7 launched the "Porcupine plasma jet". Nearly ungeflected propagation of the dense (nbeam >> plasma) and fast heavy ion beam (V = 1.7 x 10 m /sec; M = 131 mn) was observed in the magnetized ionospheric plasma. The beam passed from phase I to phase III of Fig. 1 in a time much shorter than that expected from classical diffusion. Propagation was dominated by phase III.
This was attributed to anomalous diffusion caused by an instability driven by the diamagnetic current. On the other hand, in recent computer8 simulation studies of this problem the diamagnetic phase was dominant and the background plasma and magnetic field were diverted around the beam. We seek to understand these apparently contradictory conclusions by doing laboratory experiments where much more detailed measurements are possible, and analytic theory and computer simulation guided by the experimental results. 
Description of Experiment
The experiment is illustrated in Fig. 2 Schematic diagram of experimental apparatus for the study of ion beam propagation.
output is connected to a magnetically insulated ion diode as illustrated in Fig. 3 .
It is an annular diode with an anode -cathode spacing of 13 mm. The magnetic insulation field is 2 -2.5 kG with a field risetime of 40 µs. At 150 kV the diode produces a 4 kA beam of ions -50 A /cm2 and 1 sec duration.
Ions are produced by surface flashover of a .8 mm polyethylene sheet with stainless steel pins mounted on the anode electrode.
The approximate ion composition in the beam is 75% H 15% CT, 10% CHn +. 9 Two pairs of field coils were used to generate B with dimensions: 2. Several diagnostics were used in the experiments. The ion current density was measured using biased Faraday cups ( -500 V bias) with small magnets to suppress secondary electron 292 / SPIE Vol. 873 Microwave and Particle Beam Sources and Propagation (1988) tic propagation. After the magnetic field has penetrated the beam propagation would be expected by means of self-polarization and ExB-drift as observed for low p-beams. '
A series of rocket experiments 7 launched the "Porcupine plasma jet". Nearly undeflected propagation of the dense (nbeam » n plasma ) and fast heavy ion beam (V * 1.7 x 10 m/sec; M = 131 m p ) was observed in the magnetized ionospheric plasma. The beam passed from phase I to phase III of Fig. 1 in a time much shorter than that expected from classical diffusion. Propagation was dominated by phase III. This was attributed to anomalous diffusion caused by an instability driven by the diamagnetic current. On the other hand, in recent computer 8 simulation studies of this problem the diamagnetic phase was dominant and the background plasma and magnetic field were diverted around the beam. We seek to understand these apparently contradictory conclusions by doing laboratory experiments where much more detailed measurements are possible, and analytic theory and computer simulation guided by the experimental results. Several diagnostics were used in the experiments. The ion current density was measured using biased Faraday cups (-500 V bias) with small magnets to suppress secondary electron Both probes were wrapped in conductive cloth to shield the electrical noise.
One coil was located in vacuum 45 cm downstream from the anode coaxial with the ion beam and the drift tube.
The other coil was located outside the beam. A pair of floating potential Langmuir probes were used to measure the polarization electric field E.
These probes were made of rigid coaxial cables with the center conductor exposed about 5 cm and inserted into the drift tube through Wilson seals. This allowed measurement of the potential difference At over a known probe separation distance. Signals from these probes were sent to a differential amplifier and recorded. The existence of E was verified by several tests:
At changes sign if the sign of Bz is changed, At = 0 if th6 probes' tips are touching and linearly increases with probe tip separation,and At = 0 if Bz = O. Thermal graphic paper was used as a witness plate to trace the beam location and radial profile and to estimate the beam divergence and beam energy.
The paper shows a distinct and noticeable color change in the range of 1 -5 Joules /cm2; beyond which no color change occurs.
Experimental Results
Net current measurements with a Rogowski loop and floating probe measurements verified that the ion beam in the drift tube was charge and current neutralized. Damage patterns on thermal paper located 40 cm and 70 cm downstream showed that the beam divergence was 3 -4°w hen the diode voltage was above 100 kV. Some experimental parametgrs2are given in Table I . pi is the ion gyroradius based on the beam velocity vo. e = 4nnMc /B is the dielectric constant. Beam propagation across the transverse magnetic field was evaluated with Faraday cups. Figure 4 shows results. Although the angular spread of the beam leads to a significant decrease of current density with propagation distance, there is very little decrease in current density as the magnetic field is changed over a few orders of magnitude and p changed from .01 to 300. The magnetic field Bz does not significantly change beam propagation.
Diamagnetic signals AB, were measured at 50 cm downstream from the diode and are shown in Fig. 5 .
The value of P was changed by holding the diode voltage fixed at 150 kV and changing the magnetic field Bz. ABm is the largest change in magnetic field just outside the beam at r = 10 cm.
The magnetic field change was also measured by a similar h -probe on the beam axis. The polarity of B. was opposite to AB indicating that the field decreases inside the beam and increases outside. These probes were made of rigid coaxial cables with the center conductor exposed about 5 cm and inserted into the drift tube through Wilson seals. This allowed measurement of the potential difference A<£ over a known probe separation distance. Signals from these probes were sent to a differential amplifier and recorded. The existence of Ey was verified by several tests: A$ changes sign if the sign of B Z is changed, A$ = 0 if the probes' tips are touching and linearly increases with probe tip separation,and A<£ = 0 if B Z = 0. Thermal graphic paper was used as a witness plate to trace the beam location and radial profile and to estimate the beam divergence and beam energy. The paper shows a distinct and noticeable color change in the range of 1-5 Joules/cm ; beyond which no color change occurs.
Net current measurements with a Rogowski loop and floating probe measurements verified that the ion beam in the drift tube was charge .and current neutralized. Damage patterns on thermal paper located 40 cm and 70 cm downstream showed that the beam divergence was 3-4° when the diode voltage was above 100 kV. Some experimental parameters 2 are given in Table I . p^ is the ion gyroradius based on the beam velocity VQ . e = 4-rcnMc /B is the dielectric constant. Beam propagation across the transverse magnetic field was evaluated with Faraday cups. Figure 4 shows results. Although the angular spread of the beam leads to a significant decrease of current density with propagation distance, there is very little decrease in current density as the magnetic field is changed over a few orders of magnitude and p changed from .01 to 300. The magnetic field B z does not significantly change beam propagation.
Diamagnetic signals AB were measured at 50 cm downstream from the diode and are shown in Fig. 5 . The value of |3 was changed by holding the diode voltage fixed at 150 kV and changing the magnetic field B Z . AB is the largest change in magnetic field just outside the beam at r = 10 cm. The magnetic field change was also measured by a similar 6-probe on the beam axis. The polarity of AB-was opposite to AB indicating that the field decreases inside the beam and increases outside. ABQ/B « 1 ana AB^/B « 1; both signals increase with increasing p but the above inequalities are preserved for p up to a value of 400. These facts confirm that the magnetic field penetrates the plasma in a time that is small compared to the current risetime which is about .5 sec so that only a slight perturbation of the magnetic field is ever observed although the beam is a good conductor. Measurements of diode voltage, current density and diamagnetic field at 50 cm from the anode; ß is changed by changing the magnetic field.
Measurements of the polarization electric field, Ey, 40 cm downstream from the anode, are displayed in Fig. 6 for fixed Vd and varying values of Bz.
These data show that the value of Ey increases linearly with Bz. The peak value of Ey is compared to the theoretical value computed from, E = Vo B /c.
In these data the probe tip separation was 2 cm and we used a beam velocity córresponding to Vd = 150 kV.
Good agreement is observed over the range of parameters studied. This is consistent with the fast penetration of the magnetic These facts confirm that the magnetic field penetrates the plasma in a time that is small compared to the current risetime which is about .5 ^sec so that only a slight perturbation of the magnetic field is ever observed although the beam is a good conductor. Measurements of the polarization electric field, Ey/ 40 cm downstream from the anode, are displayed in Fig. 6 for fixed Vd and varying values of B z . These data show that the value of Ev increases linearly with B z . The peak value of Ey is compared to the theoretical value computed from, Ev = Vo B«/c. In these data the probe tip separation was 2 cm and we used a beam velocity corresponding to Vd = 150 kV. Good agreement is observed over the range of parameters studied. This is consistent with the fast penetration of the magnetic field and propagation by means of the ExB -drift B==284 G Figure 6 . Measurements of diode voltage, current density and polarization electric field at 40 cm from the anode for the annular diode 3.
CLASSICAL AND ANOMALOUS DIFFUSION
Consider the idealization of a perfectly conducting cylinder in a transverse maynetic field as illustrated in Fig. 7 . The magnetic field is given by B = VT where V T = 0 subject 
At the surface of the beam Bz = 2 Bo and at r = 2a By = 1.25 Bo.
In Table II 
At the surface of the beam B Z = 2 B Q and at r = 2a B z = 1.25 Bo . In Table II we compare values of the calculated diamagnetic signal AB = B just outside the beam with the experi-mentally measured diamagnetic signal ABm. For a perfect conductor as in Fig. 7 the current should be localized on the surface, i.e. Jx = Jx(a,e) 6(r-a) where (4) Jx = (c/4n) Be = -(c/2n) Bosine (5) For a finite classical conductivity magnetic diffusion should take place on a time scale given by (Ar)2 = D AT (6) where D = (c /wp)2 (1 /tiei)
w, 2 = 4nne2 /m, n is the electron density, Ar is the deptk of3 /ienetration of the magnetic fpield or the current density after time At, ti = 3 x 10 (T /n) sec is the electron -ion collision time and T is the electron temperature in electron volts. and At = 100 µsec. The observed time is much less than 1 Rsec, and the electron temperature is probably more like 10 -100 ev.
We conclude that the diffusion time is certainly much less than this classical estimate.
A similar conclusion was reached in the analysis of data from the "Porcupine" experiments. 7 (This conclusion is distinct from the computer simulations of Mankofsky et al).8 Mishin, et al have explained7 the fast diffusion as an anomalous process attributed to a transverse electron drift current-driven electrostatic instability excited by the diamagnetic current. Initially this current is concentrated near the surface of the beam and linear instability criteria are easily satisfied. After some diffusion has taken place, the current density becomes too small for most instabilities. In any case, a satisfactory theory must explain the difference between the fast diffusion for a plasmoid and the slow diffusion for pinches.
If the diffusion rate were as fast for pinches, the phenomena would not be observed and the current densities in pinches are usually much larger than for the present plasmoid experiments.
For further consideration we simplify the geometry and consider a one -dimensional problem as illustrated in Fig. 8 .
The magnetic field is assumed to be B = (0,0,Bz) where Bz = Bz(x,t) and at t = 0
Maxwell's equations for the problem are For a perfect conductor as in Fig. 7 the current should be localized on the surface, i.e. 
2 2 a) = 4-rcne /m, n is the electron density, Ar is the depth of .penetration of the magnetic field or the current density after time At, T . = 3 x 10 (T ' /n) sec is the electron-ion collision time and T is the electron temperature in electron volts.
(For a vacuum of 10~5 The electron^temperature has not been torr only Coulomb collisions need be considered). measured. 6 We assume T = 10 ev, Ar = 10 cm and n = 3 x 10 J"L cm" J ; then c/u> = 1 cm, T = 10 sec, and At = 100 ^sec. The observed time is much less than 1 fisec, and the efectron temperature is probably more like 10-100 ev. We conclude that the diffusion time is certainly much less than this classical estimate.
A similar conclusion was reached in the analysis of data from the "Porcupine" experiments.^ (This conclusion is distinct from the computer simulations of Mankofsky et al). Mishin, et al have explained^ the fast diffusion as an anomalous process attributed to a transverse electron drift current-driven electrostatic instability excited by the diamagnetic current. Initially this current is concentrated near the surface of the beam and linear instability criteria are easily satisfied. After some diffusion has taken place, the current density becomes too small for most instabilities. In any case, a satisfactory theory must explain the difference between the fast diffusion for a plasmoid and the slow diffusion for pinches.
For further consideration we simplify the geometry and consider a one-dimensional problem as illustrated in Fig. 8 . The magnetic field is assumed to be B = (0,0,B ) where If there exists a relation of the form j = aE and 4na » 1[6E /at] /E 1, then Eqs. (8) and (9) To determine a, we consider the generalized form of Ohms law: (10) (m/ne2)(61/6t) + 1/a0 + (1 x B)/nec = E + (V x B/c) + VPe/ne (12) ao = (ne2 /m)ze , V is the plasmoid velocity viewed from the laboratory frame and Pe is the electron pressure,Qe = eBz /mc is the electron cyclotron frequency. The last term VPe /ne can c at (8) l aE c Ft (9) If there exists a relation of the form j = crE and 4na » |[&E /at]/E I , then Eqs. (8) and (9) Diffusion in the moving frame is determined by the diffusion coefficient D = c2 /4na°. Unless the collision time ti is determined by turbulence, the diffusion would be very slow. Turbulence would be expected near t =0 when the current density is very high, but after a short time the current density would drop and collision time tie should be classical. This agrees with the observed behavior of pinches.
The problem illustrated in Fig. 8b corresponds to The conductivity a = ao /[1 + (5deti ) 2] is greatly reduced compared to ao because 5àete » 1. 
The diffusion equation (10) is 2onlinear. An estimate of the penetration time is that it is reduced by the factor (52e-re) compared to the previous estimate of 100 µsec based on Eqs. (6) and (7) . For the same assumed data and Bo = 100 gauss, (5àetie) 2 = 3 x 106 and . Unless the collision time T is determined by turbulence, the diffusion would be very slow. Turbulence would be expected near t=0 when the current density is very high, but after a short time the current density would drop and collision time I Q should be classical. This agrees with the observed behavior of pinches.
The problem illustrated in Fig. 8b corresponds to plasmoid or , beam propagation. In order to propagate the beam must polarize in the x-direction so that E = E + (v B /c) = 0, and 0. Eqs. (15) and (16) then reduce to y z
The conductivity a = oo /[l + ( Q e T e ) ] is greatly reduced compared to aQ because Q t » 1.
The diffusion equation becomes nonlinear with

D -
The diffusion equation (10) is nonlinear. An estimate of the penetration time is that it is reduced by the factor (Q_T_) compared to the previous estimate of 100 |isec based on 2 ~ 6 Eqs. (6) and (7) . For the same assumed data and B Q = 100 gauss, (Q 0 T e) = 3 x 10 and Arco At 0.3 nsec (20)
It is somewhat of á curiósity that decreasing tfieecollision time increases the diffusion time. The differencg between 2 pinch and a plasmoid propagating across a magnetic field is the factor (ä2 T e) .
(Oetie) » 1 whether or not the plasma is turbulent. We have thus accounted for tNe short penetration time and the very small diamagnetic signal.
The present experimental data is insufficient to come to a conclusion about turbulence.
The nonlinear diffusion equation with D given by Eq. (19) has previously been studied by Felber et al in connection with a plasma switch application.12 Detailed solutions are given for the problems in plane geometry. In this paper ion conductivity is also included so that Computer simulation studies of this problem have been carried out by T. Tajima13 and his collaborators. For a. /L -100 the magnetic field penetration is anomalously fast and for a. /L < 10 the penetration is much slower. The computer model involves slab geometry; L is tAe slab thickness and a. = V /Q. is the ion gyroradius. In the experiments a. /r » 1 in all cases observed; the penetration time was too short to observe in all caseslwhen ai /r was varied over a factor of 5.
There is some evidence14 for slower penetration when the plasmoid is produced by a plasma gun where ai /r < 1. 
CROSS FIELD PROPAGATION IN PLASMA
To produce the background plasma we used 15 small circular plasma guns connected in parallel.
Each one has an annular gap filled with TiH4. The density of the plasma produced by the plasma gun was measured by a 60 GHz microwave interferometer. The plasma density in the drift tube increased approximately linearly with increasing plasma gun voltage V G. When VpG = 4 kV the average plasma density was about 1013 /cm3. The results are shown in Fig. 9 . It is apparent thlgt the plasma réduces the polarization electric field and it becomes negligible at about 10 cm .
For a density of the order of the beam density or less there is little effect. It is somewhat of a curiosity that decreasing tne e collision time increases the diffusion time. The difference between a pinch and a plasmoid propagating across a magnetic field is the factor (Q T ) .
(^e^e ) » 1 whether or not the plasma is turbulent. We have thus accounted for tne short penetration time and the very small diamagnetic signal. The present experimental data is insufficient to come to a conclusion about turbulence.
The nonlinear diffusion equation with D given by Eq. (19) has previously been studied by Felber et al in connection with a plasma switch application.^ Detailed solutions are given for the problems in plane geometry. In this paper ion conductivity is also included so that = ne 2 [- Computer simulation studies of this problem have been carried out by T. Tajima^ and his collaborators. For a./L ~ 100 the magnetic field penetration is anomalously fast and for a./L < 10 the penetration is much slower. The computer model involves slab geometry; L is tne slab thickness and a^ = V Q/Q^ is the ion gyroradius. In the experiments a./r » 1 in all cases observed; the penetration time was too short to observe in all cases 1 when a^/r was varied over a factor of 5. There is some evidence^4 for slower penetration when the plasmoid is produced by a plasma gun where a./ r < !
To produce the background plasma we used 15 small circular plasma guns connected in parallel. Each one has an annular gap filled with TiH^. The density of the plasma produced by the plasma gun was measured by a 60 GHz microwave interferometer. The plasma density in the drift tube increased approximately linearly with increasing plasma gun voltage VpG . When VpG = 4 kV the average plasma density was about 10 ^/cm^.
The electric polarization was measured for various magnetic fields and values of VDG (plasma density). The results are shown in Fig. 9 .
It is apparent that the plasma reduces the polarization electric field and it becomes negligible at about lO 1^ cm-*. For a density of the order of the beam density or less there is little effect. 
The solution of the nonlinear equation is more like a wave12 and Eq. (24) would be satisfied at the front of the "magneto-resistive" wave so that Eq. (23) should produce fast diffusion similar to Eq. (10).
5.
KV PULSED BEAM ACCELERATOR
In order to investigate propagation over about 5m and in particular to investigate beam losses, a 500 kV Marx generator system has been assembled and characterized. An improved magnetically insulated annular diode has also been constructed.
It produces an ion beam current density up to 170 A /cm2 -4 cm downstream from the anode. This is 20 times higher than the Child -Langmuir limit.
The beam divergence is much smaller than it was for the previous system. The divergence determined by witness plates at various distances was previously about 5° for the low energy part of the beam. This is to be compared with 1.6°f or the present system. For particle energy > 250 kV the beam divergence is now 1.1 °. Propagation data from Faraday cup measurements is shown in Fig. 10 . These results indicate force which is consistent with the vanishing of the polarization electric field. For plasma density less than the beam density, or no plasma density no deflection was observed.
In-beam diamagnetic measurements showed fast penetration on a time scale much less than 1 usec with or without a background plasma. If we consider Eqs. (15) 
The solution of the nonlinear equation is more like a wave^* 2 and Eq. (24) would be satisfied at the front of the "magneto-resistive" wave so that Eq. (23) should produce fast diffusion similar to Eq. (10).
500 KV PULSED BEAM ACCELERATOR
In order to investigate propagation over about 5m and in particular to investigate beam losses, a 500 kV Marx generator system has been assembled and characterized. An improved magnetically insulated annular diode has also been constructed. It produces an ion beam current density up to 170 A/cm^ -4 cm downstream from the anode. This is 20 times higher than the Child-Langmuir limit. The beam divergence is much smaller than it was for the previous system. The divergence determined by witness plates at various distances was previously about 5° for the low energy part of the beam. This is to be compared with 1.6° for the present system. For particle energy > 250 kV the beam divergence is now 1.1°. Propagation data from Faraday cup measurements is shown in Fig. 10 
CONCLUSIONS
It has been established that a high ß plasmoid propagates across a transverse magnetic field without significant deflection. The mechanism is not diamagnetic flux exclusion and ballistic propagation as first anticipated, but it is instead electric polarization of the plasmoid and ExB drift as in a low p-plasmoid.
The magnetic field penetrates the plasmoid so rapidly that no significant diamagnetic effect can be observed. Essentially, the unperturbed magnetic field is present inside the plasmoid at all observable times. This behavior of a plasmoid is completely different from the behavior of a metallic conducting projectile. It is also completely different from a Z-or 0-pinch.
Indeed, if the field slipped across the particles as fast in a pinch, a pinch would never be observed. We have explained the difference physically by the fact that the polarization for the pinch is longitudinal (electric field parallel to the motion) and transverse for the propagating plasmoid. The question of turbulence as proposed to explain the "Porcupine experiments" has not been resolved.
Although there may be turbulence it is not essential to explain the fast penetration of the magnetic field.
With ExB propagation, the electric field near the plasmoid surface must be different than in the interior.5 Therefore, the surface must erode and this is the mechanism of beam loss that has been observed in computer simulations but not yet in the laboratory. In the laboratory losses have been observed by expansion of the beam from angular divergence in a small radius drift tube. A new system has been developed that involves a much smaller angular divergence of the plasmoid and a larger drift tube to study the erosion losses. 7. It has been established that a high p plasmoid propagates across a transverse magnetic field without significant deflection. The mechanism is not diamagnetic flux exclusion and ballistic propagation as first anticipated, but it is instead electric polarization of the plasmoid and ExB drift as in a low p-plasmoid. The magnetic field penetrates the plasmoid so rapidly that no significant diamagnetic effect can be observed. Essentially, the unperturbed magnetic field is present inside the plasmoid at all observable times. This behavior of a plasmoid is completely different from the behavior of a metallic conducting projectile. It is also completely different from a Z-or 0-pinch. Indeed, if the field slipped across the particles as fast in a pinch, a pinch would never be observed. We have explained the difference physically by the fact that the polarization for the pinch is longitudinal (electric field parallel to the motion) and transverse for the propagating plasmoid. The question of turbulence as proposed to explain the "Porcupine experiments" has not been resolved. Although there may be turbulence it is not essential to explain the fast penetration of the magnetic field.
With ExB propagation, the electric field near the plasmoid surface must be different than in the interior. 5 Therefore, the surface must erode and this is the mechanism of beam loss that has been observed in computer simulations but not yet in the laboratory. In the laboratory losses have been observed by expansion of the beam from angular divergence in a small radius drift tube. A new system has been developed that involves a much smaller angular divergence of the plasmoid and a larger drift tube to study the erosion losses.
